Abstract: This report describes the pathological characterizations of a rare case of necrosis of the femoral head that was spontaneous, bilateral, avascular and nontraumatic. A 14-month-old beagle dog was presented with pain in the hind limbs. At necropsy, the articular surface in the bilateral femoral head was markedly irregular. There were no gross abnormalities other than in the hip joints. Microscopically, a wide range of trabecular bone necrosis localized in the subchondral area was observed in both femoral heads. In the right femoral head, fibrosis and proliferative vessels were noted in the subchondral area. The articular cartilage was thickened irregularly, but there was no evidence of cartilage necrosis. The bone marrow adjacent to the affected area showed severe depression. In the metaphysis, atrophic bone marrow, but not bone necrosis, was observed. This was a rare case of spontaneous necrosis of the femoral head in an experimental beagle dog.
In toxicological studies, beagle dogs are generally used as a non-rodent animal species, and there is an abundant of background data for them. However, there is no report of spontaneous osteonecrosis among these data [1] [2] [3] . Osteonecrosis generally occurs under avascular conditions due to bone fracture, acute inflammatory diseases or infarction in domestic animals. Microscopically, bone necrosis is characterized by cell death and loss of osteocytes from their lacunae, although scattered empty lacunae do not justify a diagnosis of necrosis, as they could possibly represent a normal turnover or artifact of the preparation 4, 5 . It is known that the femoral head is especially predisposed to hypoxia among the systemic bones because the region is served by the endarteries and has poor collateral circulation 4 . Necrosis of the femoral head (NFH) occurs sporadically in dogs mainly due to bone fracture. Meanwhile, NFH particularly that referred to as Legg-Calvé-Perthes disease (LCPD), which is speculated to be a genetic disorder with an autosomal recessive inheritance, is known to occur before the growth plate closes in small breeds and young dogs. It is thought that NFH in non-small breeds of dogs should be discriminated from LCPD in terms of the difference in pathogenesis 4 . We encountered a case of LCPD-like NFH that was spontaneous, bilateral and nontraumatic in a young experimental beagle dog. This report deals with rare case of spontaneous NFH and its pathological characteristics in this laboratory beagle dog.
A 14-month-old female beagle dog was imported from Beijing Marshall Biotechnology Co., Ltd. (Beijing). The dog was housed in an animal room maintained at 22 ± 3°C and a humidity of 55 ± 20% and was given 300 g/day DS-A (Oriental Yeast Co., Ltd., Tokyo, Japan) with free access to water. As an experimental procedure, cerebrospinal fluid was collected once from the neck. Two days thereafter, a gait abnormality and pain were noted in the right hind limb. No drugs were administered to the dog. Since the dog did not show any improvement in the abnormality of the hind limbs over the course of one month, it was euthanized under pentobarbital sodium anesthesia and necropsied. The body weight of the dog before necropsy was 6.1 kg. All procedures were conducted with permission of the Institutional Animal Care and Use Committee of the facility, which was fully accredited by AAALAC International. At necropsy, the bilateral femurs including the knee joint, coxal bone and humeral bone were fixed in 10% neutral-buffered formalin. These tissues were sliced and decalcified with 10% EDTA at 37°C for several weeks, embedded in paraffin, cut at 4 μm and stained with hematoxylin and eosin (HE), Prussian blue staining and Schmorl's method.
Grossly, no lesions associated with collection of cerebrospinal fluid were observed in the cervical spinal cord. In the hip joints, mobility decreased slightly but joint fluid did not increase. The articular surfaces of both femoral heads appeared irregular and roughened and showed a severely thickened synovium and joint capsule (Fig. 1) . On the longitudinal cut surface of both femoral heads, articular cartilage was severely thickened and showed ulceration and subchondral cracks (Fig. 2) . The physis of the femurs were closed bilaterally. In the bilateral acetabulum, brown discoloration was seen at the dorsal aspect, which was considered a weight-bearing area. There was no gross abnormality in other systemic bones, cartilages, or joints. The bilateral femoral muscles showed atrophy.
Histopathologically, a broad range of necrosis of the trabecular bone with limited inflammatory changes was observed beneath the irregularly thickened articular cartilage in the subchondral area of the proximal femur (Figs. 3, 4A ). The thickened cartilages contained an abundant hypocellular cartilage matrix without necrosis. Synovial hyperplasia around the hip joint was severe. A portion of the articular cartilage and necrotic bone was detached from the intact trabecular bone, which formed clefts or ulcerations. Focal chondroid metaplasia of the trabecular bone was noted in the basal part of the ulceration (Fig. 4B ). Fibrosis and proliferation of the vessels were seen in the subchondral areas of the right femoral head (Fig. 3) . The bone necrosis was characterized by loss of osteocytes with empty lacunae of the poorly stained bone matrix. Osteoclasts were rare around the bone matrix (Fig. 5) . Regenerating new bone formation (creeping substitution) were not seen in any area around the necrotic bone. In addition, eosinophilic amorphous matrices were scattered around the necrotic bone (Figs. 5, 6 ). The matrix was partially connected to the necrotic bone and in contact with some osteoclasts. Thus it was considered that the eosinophilic matrices were debris of necrotic bone. In the bone marrow adjacent to the area of bone necrosis, there was severe depression with atrophic adipose tissue and mild fibrosis. Some lipofuscin-laden macrophages, which were positive for Schmorl's method and negative for Prussian blue staining were also observed (Fig. 7) . Thrombus formation indicative of local circulatory disturbance was not observed in any of the blood vessels of the affected area. On the other hand, there were degenerative changes in the bone marrow of the metaphysis of the femur, but no necrotic trabecular bone was recognized.
In the bilateral acetabulum, ulcerative articular cartilage and severe depression of the bone marrow tissues were observed accompanied by brown discoloration. In other areas of the articular surface, thickening of the cartilage and synovial hyperplasia were evident. Bone necrosis and eosinophilic amorphous matrices as seen in the femoral head were not observed in the subchondral or epiphyseal area. On the other hand, there were no lesions in the knee joints or humeral bone.
We diagnosed this case as bilateral NFH. Although there have been experimental studies using canine models of NFH, spontaneous NFH has not yet been reported in laboratory beagle dogs [6] [7] [8] . As for the distribution of the lesions, bone necrosis was localized in the subchondral area of the femoral heads in our case. Generally, NFH is histologically characterized by subchondral bone necrosis in the femoral head, and the histopathological changes in our case were comparable to those reported as typical lesions of avascular and nontraumatic osteonecrosis 5 . Meanwhile, the lesions of the cartilage, bone marrow and synovium in the femoral heads and acetabula were thought to be secondary and reactive lesions, as seen in spontaneous LCPD 9 . In the systemic joints other than the femoral joint in our case, there were no chondral lesions suggesting primary disorder of cartilage. Thus it was considered that the chondral lesions observed in our case were secondary physical injuries subsequent to abnormal conformity in the hip joint. These reactive changes and severe deformation of the femoral heads suggested that the disease was progressive and occurred before becoming clinically apparent.
Commonly, avascular osteonecrosis in dogs results from trauma, intramedullary neoplasms, or thrombosis 5 . Sporadic NFH in dogs is generally caused by bone fractures 4 . However, these lesions were not confirmed in either femur in our case. Meanwhile, bone necrosis was clearly localized to the subchondral area of the femoral head, and there were proliferative vessels in the right femoral head. Inflammatory reactions were limited. Therefore, we presumed that the dog had latent abnormal blood circulation in the bilateral proximal femurs. Evidence has been reported for complex causes of LCPD, including abnormal epiphyseal circulation 10 and increasing intra-articular pressure caused by effusion from synovitis 11 or intracapsular tamponade 12, 13 . It is thought that a variety of developmental and anatomical factors are included in the pathogenesis of LCPD. We assume that a vascular anomaly similar to LCPD is associated with the cause of NFH in our case, although the etiology remained unclear. The difference in the lesions between the right and left femoral head in our case might be attributed to the extent of ischemia or the degree of repairing reactions. Sporadic occurrence of the disease in the animal group excluded the effects of genetic factors.
In the dog, hip dysplasia needs to be considered for the differential diagnosis. Hip dysplasia takes chronic and mild course with occasional microfracture, but there is no wide range of bone necrosis 14, 15 . Additionally, our case did not clinically show subluxation or increased joint laxity, and acetabula were not shallow at necropsy. In conclusion, the experimental beagle dog was diagnosed with avascular, spontaneous and sporadic NFH.
